###### Strengths and limitations of this study

-   Comparative study to explore the evolution of drivers\' sleep-related behaviour over a 15-year period study using identical methodology and large sample size.

-   Important findings relating to sleep hygiene with relevance to future road safety campaigns.

-   Study in 1996 and 2011 performed in different regions of France but population homogenized using a direct standardization method.

-   Interviews performed between 08:00 and 20:00 with possible underestimate of the frequency of sleep--deprived drivers.

Introduction {#s1}
============

Sleepiness at the wheel is a major international public health issue, as sleepiness at the wheel is an important factor contributing to the burden of traffic-related morbidity and mortality.[@R1] Road traffic accidents are the main cause of mortality and a severe handicap in the under 29 years and the 9th cause of mortality for all ages.[@R5] The economic cost of road insecurity in 2009 in Europe was €130 billion.[@R5]

Published estimates of the proportion of road traffic accidents attributable to sleepiness range from 3%, 10% to 33% according to studies conducted in the USA,[@R6] France,[@R7] and New Zealand[@R2] over the past 15 years. In France, sleepiness in drivers was responsible for 37% of fatal accidents on the motorway network in 2013 and excessive sleepiness is currently the leading cause of fatal accidents in the French highway network, followed by excessive speeding, alcohol, drugs and medicine consumption.[@R8] Many factors intervene in reducing vigilance: sleep deprivation, poor sleep, time of day, fatigue, excessive driving time, sedating drugs and medical conditions. The risks of sleepiness are magnified by highway driving as it is a monotonous task: drivers\' ability to react to unpredictable events deteriorates when exposed to a highly predictable and uneventful driving task,[@R9] [@R10] and the consequences of inattention are severe.

French road safety campaigns are run annually at a national level by the French Government. Information is diffused via national media and across the entire highway network including on large illuminated signs placed over the highway. Campaigns initially targeted excessive speed and alcohol use, but during the past 15 years (since the publication of the 1996 study) have increasingly focused on the need for drivers to respect their sleep needs, advising adequate rest before a long trip, taking breaks during driving and avoidance of starting trips during the night. Efforts have been made to reduce the monotony of long drives with the provision of information signs and rest areas.

We previously reported an observational study among a large sample of highway drivers showing that acute sleep loss no longer explained sleepiness at the wheel. Non-restorative sleep helped to explain near-miss sleepy accidents (NMSA) more adequately than acute sleep loss.[@R11]

In the present study we investigate the effects of the past 15 years of public road safety campaigns concerning sleepiness and accident risk among highway drivers by comparing the evolution of drivers\' behaviour between two observational studies performed in France with the same methodology.

Methods {#s2}
=======

This comparative study aimed to evaluate the evolution of sleep hygiene and sleep deprivation among highway drivers between 2011 and 1996.[@R7] Both studies were performed under identical conditions, using the same methodology, at motorway toll booths.

Both studies were performed in July during the summer vacation and departure period between 08:00 and 20:00 at toll booths. Drivers who stopped at the toll booths when one of the interviewers was available were approached by the highway patrol and asked to participate in the study. Investigators informed participants of the study and sought consent. Participants were informed that the study was anonymous and would take no more than 15 min. They were reassured that it was independent of the highway patrol and that they could refuse to participate if they wished. Drivers with comprehension difficulties were excluded. Trained investigators administered a structured interview, which was recorded on paper in 1996 and electronically (iPad2) in 2011.

Each driver, with the help of the interviewer, filled out an eight-point scale evaluating overall daytime alertness, the Epworth sleepiness scale and a validated questionnaire exploring the usual sleep schedule of the drivers as well as the presence of sleep disorders, the Basic Nordic Sleep questionnaire (BNSQ). All questionnaires had been used previously in the 1996 survey published in 1999.[@R9] In addition, visual analogue scales on subjective sleepiness at the moment of the interview were completed. Participants were asked about their total sleep time during the previous 24 hours, during the week and during weekends.

Measurements {#s2a}
------------

For each participant, the following data were collected: sex; age; self-reported weight and height; marital status; driving distance; use of alcohol, cigarettes; coffee; other caffeinated beverages; sleeping pills and stimulant medication (eg. methylphenidate) consumption. We also collected the estimated sleep needs and total sleep time in the 24 hours before starting the journey as well as the usual sleep time during the workweek and on weekends from the drivers. Sleep time was divided into three categories: \<7 hours, between 7 and 8 hours 59 min, and 9 and more hours. In addition the participants provided information on sleepiness and subjective sleep symptoms during the past 3 months with help from the interviewers by completing the Epworth sleepiness scale,[@R12] the BNSQ,[@R13] and a 10 cm visual analogue scale for subjective sleepiness at the time of interview (from 0 very sleepy to 10, not sleepy at all). The Epworth sleepiness score were divided into three categories (\<11, 11--14, ≥15). The BNSQ uses a five-point scale (1, never or less than once a month; 5, every night or almost every night) to determine how often a symptom occurs. For this analysis we converted each BNSQ response to a binary (yes or no) variable by defining \<1 a week (score 1 and 2), 1--2 days a week (score 3) and 3 or more days a week (score 4 and 5). A sleepiness-related driving accident in the past year was measured by binary response (yes or no) to: 1: never, 2: sleepiness not interfering with driving, 3: sleepiness requiring the driver to stop and 4: sleepiness leading to a near-miss accident (NMA). Finally, times of departure were divided into four categories (midnight to 05:59, 06:00--11:59; 12:00--17:59; 18:00--23:59).

Statistics {#s2b}
----------

The 2011 data and 1996 data were collated in the same database. Continuous variables were expressed as Mean±SD, and categorical variables were expressed as relative frequencies. Between-group comparisons with the Mann-Whitney U-test for continuous variables or χ^2^ test for categorical variables were used to compare demographic, clinical and driving habits characteristics in both populations. Statistical analyses were performed with software SAS. A p value of 0.05 or less was considered as significant.

As shown in [table 1](#BMJOPEN2016012382TB1){ref-type="table"}, the 1996 population was younger, more likely to be male and their driving distance was longer than the 2011 population. A direct standardisation method was used for comparisons of these two groups. The 2011 data were standardised to the joint distribution in the 1966 of sex, age (16--30, 31--49, 50 years and more) and driving distance (99 and less, 100--300, 301--500, 501 km and more). The standardised estimate for the 2011 population is interpreted as the mean/frequency that would have been obtained if the 2011 population had the same distribution of the confounding variable as the 1996 population.

###### 

Demographic characteristics and driving distance

  --------------------------------------------------------------------------
  Variables                           1996\         2011\         p Value
                                      N=2197        N=3558        
  ----------------------------------- ------------- ------------- ----------
  BMI ((weight (kg)/height^2^ (cm))                               \<0.0001

  Mean±SD                             24.4 (±3.4)   25.1 (±3.9)   

  Sex                                                             \<0.01

   Male                               1711 (77.9)   2658 (74.7)   

   Female                             485 (22.1)    900 (25.3)    

  Age (years)                                                     \<0.0001

   16--30                             442 (20.1)    406 (11.4)    

   31--49                             1099 (50.0)   1734 (48.7)   

   50 and more                        656 (29.9)    1418 (39.9)   

  Driving distance                                                \<0.0001

  Mean±SD                             377 (±297)    337 (±230)    

  Driving distance (km)                                           \<0.0001

   −100                               483 (24.1)    254 (7.1)     

   100--300                           514 (25.6)    1940 (54.5)   

   301--500                           333 (16.6)    820 (23.1)    

   +500                               677 (33.7)    544 (15.3)    
  --------------------------------------------------------------------------

Driving remains a male-dominated task, but there were fewer single drivers in 2011 than in 1996 (χ^2^ p\<0.001).

BMI, body mass index.

Reporting followed international STROBE guidelines.[@R16]

Results {#s3}
=======

A total of 499 624 cars in 2011 and 214 263 cars in 1996 went through the toll booths during the study periods. Eighty per cent of drivers stopped by the highway patrol agreed to participate in the study with a total of 3545 in 2011 and 2196 in 1996.

Driver\'s characteristics {#s3a}
-------------------------

The drivers\' demographic characteristics\' were slightly different in both studies (see [table 1](#BMJOPEN2016012382TB1){ref-type="table"}). Drivers were younger in the 1996 than in 2011 study. They were predominately men but the sex distribution was different with fewer women in the 1996 than in 2011 study. Driving distance was shorter in 2011 than 1996 at the moment of the interview.

Sleep habits characteristics {#s3b}
----------------------------

Duration of sleep during week days and during the week-end was shorter in 2011 than in 1996. However, the duration of sleep was similar in both studies the night just before the trip. Daytime napping was more common in 2011 (18.4%) than in 1996 (14.8%; [table 2](#BMJOPEN2016012382TB2){ref-type="table"}).

###### 

Sleep and wake characteristics

  ----------------------------------------------------------------------------------------
  Variables                               1996\         2011\                   
                                          N=2197        N=3558                  
  --------------------------------------- ------------- ------------- --------- ----------
  Duration of sleep on week days                                      \%        \<0.0001

   Less than 7 hours                      209 (10.4)    584 (16.4)    16.9      

   7 and 8 hours 59 min                   1338 (66.7)   2268 (63.8)   64.2      

   9 hours and more                       460 (22.9)    704 (19.8)    18.9      

  Duration of sleep on week-end                                       \%        \<0.0001

   less than 7 hours                      84 (1.2)      225 (6.3)     7.4       

   7 and 8 hours 59 min                   696 (34.7)    1461 (41.1)   39.8      

   9 hours and more                       1226 (61.1)   1868 (52.6)   52.8      

  Subjective optimal sleep duration                                   minutes   \<0.0001

   Mean±SD                                458 (±73)     436 (±69)     435       

  Hours of optimal sleep                                              \%        \<0.0001

   6 hours                                285 (14.2)    782 (22.0)    23.4      

   6 hours and 1 min and 7 hours          508 (25.3)    1053 (29.6)   28.6      

   7 hours and 1 min and 8 hours          825 (41.1)    1424 (40.0)   39.7      

   More than 8 hours                      389 (19.4)    299 (8.4)     8.4       

  Duration of sleep at day-1                                          \%        NS

   Less than 7 hours                      585 (29.2)    963 (27.1)    28.9      

   7 and 8 hours 59 min                   840 (41.8)    1650 (46.4)   42.9      

   9 hours and more                       582 (29.0)    944 (26.5)    28.2      

  Daytime nap                                                         \%        \<0.01

   No                                     1710 (85.2)   2837 (79.7)   80.8      

   Yes                                    297 (14.8)    721 (20.3)    18.4      

  Restorative sleep                                                   \%        \<0.05

   Never or less than once a week         121 (6.0)     306 (8.6)     8.5       

   1--2 days a week                       154 (7.7)     252 (7.1)     7.2       

   3 or more days a week                  1732 (86.3)   3000 (84.3)   84.3      

  Bedtimes varying by more than 2 hours                               \%        \<0.0001

   Never or less than once a week         1267 (63.2)   2754 (77.4)   73.4      

   1--2 days a week                       582 (29.0)    573 (16.1)    19.1      

   3 or more days a week                  157 (7.8)     231 (6.5)     7.6       

  Sleepy during the daytime (BNSQ)                                    \%        \<0.0001

   Never or less than once a week         1849 (92.1)   2701 (75.9)   75.7      

   1--2 days a week                       90 (4.5)      439 (12.3)    12.8      

   3 or more days a week                  68 (3.4)      418 (11.8)    11.4      

  Snoring (BNSQ)                                                      \%        \<0.0001

   Never or less than once a week         1127 (56.2)   1173 (43.7)   47.3      

   1--2 days a week                       270 (13.5)    342 (12.7)    12.4      

   3 or more days a week                  609 (30.3)    1169 (43.6)   40.3      

  Apnoeas (BNSQ)                                                      \%        \<0.01

   Never or less than once a week         1888 (94.1)   2636 (91.9)   91.5      

   1--2 days a week                       51 (2.5)      80 (2.8)      3.1       

   3 or more days a week                  68 (3.4)      151 (5.3)     5.4       
  ----------------------------------------------------------------------------------------

\*Standardisation: The standardisation column represents the rate and average that will be found if the 2011 drivers had the same distribution than the 1996 population according to age, sex and driving distance.

BNSQ, Basic Nordic Sleep Questionnaire; NS, not significant.

During the 3 months preceding the study, as measured by the BNSQ, fewer drivers considered their sleep refreshing in 2011 compared to 1996, more drivers considered themselves sleepy during the daytime in 2011 than in 1996 and there were more snorers in 2011 than in 1996.

Sleepiness at the wheel {#s3c}
-----------------------

The percentage of drivers sleepy at the wheel during the trip was higher in 2011 than in 1996. Over twice as many drivers had to stop because of sleepiness in 2011 compared to 1996, and seven times more drivers experienced a NMSA in 2011 than in 1996. At the same time there were 2.5-fold more drivers in 2011 than in 1996 with an Epworth sleepiness score \>15 indicating chronic sleepiness, while instantaneous sleepiness at the moment of the interview, as measured by visual analogue scales was similar in both studies ([table 3](#BMJOPEN2016012382TB3){ref-type="table"}).

###### 

Sleepiness at the wheel

  ----------------------------------------------------------------------------------------------------------------------------------------
  Variables                                                                                    1996\         2011\                
                                                                                               N=2197        N=3558               
  -------------------------------------------------------------------------------------------- ------------- ------------- ------ --------
  Sleepiness-related driving accident                                                          \%            \<0.0001             

   Never                                                                                       1502 (75.0)   2150 (60.4)   62.4   

   Sleepiness not interfering with driving                                                     320 (16.0)    764 (21.5)    20.5   

   Sleepiness interfering with driving                                                         65 (3.2)      89 (2.5)      2.5    

   Sleepiness requiring the driver to stop                                                     112 (5.6)     499 (14.0)    13.1   

   Sleepiness leading to a near-miss accident                                                  4 (0.2)       56 (1.6)      1.4    

  Visual analogue scales at the time of the interview (0=very sleepy à 10=not at all sleepy)                 NS                   

   Mean±SD                                                                                     7.8 (±1.7)    7.7 (±1.8)    7.7    

  EPWORTH sleepiness score                                                                                                 \%     \<0.01

   \<11                                                                                        1811 (90.2)   3202 (90.0)   89.4   

   11--14                                                                                      181 (9.0)     293 (8.2)     8.5    

   ≥15                                                                                         15 (0.8)      63 (1.8)      2.1    
  ----------------------------------------------------------------------------------------------------------------------------------------

\*Standardisation: The standardisation column represents the rate and average that will be found if the 2011 drivers had the same distribution than the 1996 population according to age, sex and driving distance.

NS, not significant.

The trip and consumptions {#s3d}
-------------------------

As can be seen in [table 4](#BMJOPEN2016012382TB4){ref-type="table"} more drivers stopped for a break during the trip and for longer periods in 1996 than in 2011, and more drivers took a nap during stops in 1996 (13.1%) than in 2011 (6.8%). Consumption of stimulant medication and cigarette smoking was higher in 1996 than in 2011, but the use of caffeinated drinks, coffee or tea was higher in 2011 than in 1996.

###### 

The trip and consumptions

  ------------------------------------------------------------------------------------------------------------------------------
  Variables                                                           1996\         2011\         Standardisation\*   p Value
                                                                      N=2197        N=3558                            
  ------------------------------------------------------------------- ------------- ------------- ------------------- ----------
  Number of changes of driver since de beginning of the trip                                                          NS

   Mean±SD                                                            0.19±0.60     0.23±0.61     0.27                

  Stops since the beginning of the trip                                                                               \<0.0001

   Mean±SD                                                            2.70±1.64     2.16±1.26     2.31                

  Total duration of stops                                                                                             \<0.0001

   Mean±SD                                                            174±384       61±144        78.5                

  Sleep during stops                                                                              \%                  \<0.0001

   No                                                                 1744 (86.9)   3358 (94.4)   93.2                

   Yes                                                                263 (13.1)    200 (5.6)     6.8                 

  Sleeping as a passenger                                                                         \%                  NS

   No                                                                 1898 (94.6)   3384 (95.1)   93.8                

   Yes                                                                108 (5.4)     174 (4.9)     6.2                 

  Number of cans of caffeinated drink/cups of coffee or tea per day                                                   \<0.0001

   Mean±SD                                                            2.8 (2.4)     3.5 (2.8)     3.6                 

  Do you use sleeping pills at least once a week?                                                                     NS

   Yes                                                                92 (4.6)      164 (4.6)     3.5                 

   No                                                                 1915 (95.4)   3394 (95.4)   96.5                

  Do you use awakening medications at least once a week?                                                              \<0.01

   Yes                                                                27 (1.4)      13 (0.4)      0.4                 

   No                                                                 1980 (98.6)   3545 (99.6)   99.6                

  Did you use awakening medications during this trip?                                                                 \<0.01

   Yes                                                                20 (1.0)      10 (0.3)      0.2                 

   No                                                                 1987 (99.0)   3548 (99.7)   99.8                

  Do you smoke                                                                                                        \<0.0001

   Yes                                                                674 (33.6)    781 (22.0)    22.0                

   Non                                                                1333 (66.4)   2777 (78.0)   78.0                
  ------------------------------------------------------------------------------------------------------------------------------

\*Standardisation: The standardisation column represents the rate and average that will be found if the 2011 drivers had the same distribution than the 1996 population according to age, sex and driving distance.

Time of departure {#s3e}
-----------------

There were nearly twofold more drivers starting the trip between midnight and 06:00 in 1996 than in 2011 ([table 5](#BMJOPEN2016012382TB5){ref-type="table"}).

###### 

Time of departure

                 1996   2011          
  -------------- ------ ------ ------ ------
  00:00--05:59   320    15.9   302    8.5
  06:00--11:59   1116   55.6   2137   60.2
  12:00--17:59   488    24.3   1072   30.2
  18:00--23:59   83     4.1    38     1.1

Discussion {#s4}
==========

This comparative study shows that drivers in 2011 had reduced their sleep time and were sleepier than 1996 drivers. In 2011 there were 2½ times more drivers suffering from severe sleepiness and seven times more drivers having suffered a NMA than in1996. To the best of our knowledge, our study is the first to explore the evolution of drivers\' sleep-related behaviour, comparing findings in 2011 with those of a methodologically identical study conducted in 1996 by Philip *et al*.[@R7] The study was performed during the departure for summer vacation, a time when traffic is dense, journeys are long and accidents are high.

We found that drivers in 2011 had shortened their overall sleep time during week days, weekends and holidays, and also had a reduced estimation of sleep need compared to drivers in 1996, which led to an apparent reduction in sleep debt the night before the trip but raises the possibility that drivers are chronically short of sleep. This reduction in subjectively reported and objectively recorded sleep time in recent years confirms findings in other studies[@R17] [@R18] and may be associated to the demands of work, travel time and leisure activities.[@R3] [@R19] Sleeping \<6--7 hours per night is a risk factor for motor vehicle accidents.[@R3] [@R4] We found that the duration of sleep the night before travel was similar to regular sleep times, implying that messages concerning the importance of avoiding acute sleep deprivation before setting out had been effective. However, drivers are now chronically sleep deprived, despite awareness of the link between sleepiness, sleep restriction and poor sleep hygiene.[@R20] Reduced performance during night driving is well known to be a cause of accidents[@R7] [@R21] and was thus also targeted by road safety campaigns. We found that fewer drivers in 2011 set off between midnight and 06:00 than in 1996.

Sleepiness at the wheel is an important factor contributing to traffic-related morbidity and mortality.[@R1] [@R2] [@R22] Self-reported driving while sleepy is a powerful predictor of serious road traffic accidents suggesting that driver\'s awareness of their sleepiness while driving is not sufficient to prevent them having a serious road traffic accident.[@R1] Our results suggest that drivers in 2011 are chronically sleep-deprived and thus more likely to be sleepy at the wheel than drivers in 1996. This is supported by the finding that Epworth sleepiness scores \>15 (indicating severe sleepiness) were found in over twice as many drivers in 2011 compared to 1996.

Scores on visual analogue scale measurements of sleepiness at the moment of the interview were similar in 1996 and 2011. This may be due to the fact that drivers in 1996 were acutely sleep deprived and those in 2011 were chronically sleep deprived. Chronic sleep restriction has been shown to be associated with a lower increase in subjective sleepiness than acute sleep restriction[@R23] [@R24] which leads chronically sleep deprived drivers to underestimate their sleepiness. Drivers who underestimate sleepiness may continue to drive and place themselves at a higher risk of NMA. The number of drivers who had a NMA due to sleepiness was seven times higher in 2011 than in 1996. NMA have been shown to be associated with accidents[@R25] and thus this increase in sleepiness at the wheel linked NMA translates into an increased risk for sleep-related accidents. NMA have been found to be related to non-restorative sleep[@R11] and it is noteworthy that drivers in 2011 were more likely to suffer from non-restorative sleep, from snoring and from respiratory pauses than in 1996, which raises the possibility that more drivers suffered from sleep-related pathology. Sleep apnoea is associated with non-restorative sleep, snoring and increased sleepiness and has been shown to increase the frequency of falling asleep while driving.[@R20] Current road safety campaigns encourage drivers to rest and also to take a nap during rest breaks and napping during breaks (although not the number of breaks) increased between 1996 and 2011. The increases in consumption of caffeinated drinks in 2011 may reflect attempts by drivers to normalise their vigilance, but may be counterproductive, as regular high caffeine consumption can impact sleep quality.

Limitations of the study {#s4a}
------------------------

Drivers were interviewed between 8:00 and 20:00, as this is the period of highest traffic volume on the highway. However, this time window may be responsible for an underestimate of the frequency of sleep-deprived car drivers, as we have no information on the drivers who passed through the toll booths during the night. Despite this we found twofold fewer drivers beginning their trip between midnight and 8:00, reflecting a real change in driving habits.

The population of both studies is slightly different and the most striking differences were the following:

Driving distance and driving duration for the actual driver were shorter in 2011 than in 1996. The interviews were performed in different regions of France, in the centre of France in the present study and in the West of France in 1996 and this geographical difference can explain the small differences in driving distance. The interviews were performed in different regions of France, in the centre of France in the present study and in the South-West of France in 1996 and this geographical difference can explain the small differences in driving distance. However, both studies were performed on motorways located away from big cities, with similar traffic densities especially during the summer vacation period as drivers head to the coast. In addition, driving distances (mean 377 km in 1996 and 337 km in 2001) show that most drivers did not start their journey in the region of the survey. Statistical standardisation was performed to homogenise the populations. The total travel distance was longer in 2011 although the driving distance was shorter which is due to the fact that fewer drivers were driving alone compared to 1996. Driving was often shared, reducing each driver\'s time at the wheel.

Slightly more women were driving in 2011 than in 1996, and there were fewer single drivers. Driving alone, does not allow drivers to share driving, which could increase the importance of the effect of distance on fatigue. Both the reduction in single drivers and the reduction in the number of drivers beginning their trip at night may be linked to road safety messages which have encouraged drivers to share driving and to limit night driving.

Fifteen years separate the two studies and in order to have a precise barometer of driver\'s behaviour it would be preferable to perform a similar study every 5 years in order to identify modifications of behaviour and target road safety campaigns more accurately. Our study was performed in 1996 and 2011: road traffic campaigns continue and it is likely that driver behaviour has further evolved since our data were collected. Further studies are planned.

Comments {#s4b}
--------

In conclusion the present study shows that driver\'s behaviour has evolved in the 15 years that separate the two studies, with more attention being paid to sleep prior to a trip and avoidance of middle of the night driving. However, in comparison to drivers in 1996, drivers in 2011 suffer from chronic sleep deprivation leading to increases in sleepiness at the wheel even if they are less sleep deprived the night before they set off. In order to further study the evolution of driver\'s behaviour over time and to evaluate the effectiveness of safety campaigns repeating the study at shorter intervals would identify modifications of behaviour and target road safety campaigns more accurately.
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